Abstract-The present paper proposes a method for measuring and compensating for error establishment. The measurement is done with a touch probe and the measuring program is a macro program. A mathematical model was developed to experimentally determine the error of nonalignment of the axis of rotation of the workpiece with the physical axis of rotation of mass C. A virtual approach to compensate for the error of establishment by using a postprocessor for the particular machine was also proposed.
Method for Measuring Error Establishment in 5-Axis Milling Machines with a Touch Probe

I. IntroductIon
The use of touch probes greatly expands the capabilities of CNC machines. Their use reduces machine setup time, which increases accuracy. These measurement processes are fully automated. The measurement method consists in the fact that measurement is actually carried out by the CNC machine tracking system, and the measuring head only perceives the controllable magnitude. Impact on measurement accuracy is the precision of the machine's measuring system, scattering when the touch probe is working and its moving speed at the touch.
The leading manufacturers of CNC Fanuc, Sinumerik, Heidenhain and others. Offer dialogue cycles to measure and compensate for the set-up error. In Fanuc, command G54.4 is available [3] .
II. Method for MeasurIng error establIshMent
As an example, be considered a rotary die for sanitary absorbents (figure 1). Typical of them is that they have a higher productivity than those with reciprocating movement. The production of these tools is carried out on 4 and 5 axis CNC milling machines [5] .
Fig. 1. Rotary die
After milling, the knives are hardened and the cutting contour is grinded with high-speed spindles with abrasive tapered head, mostly made of ultra-hard materials. The ultimate requirement is to achieve a long life of the contour. In the process of operation, the tool is worn out, which necessitates restoration of its cutting ability. This is done by grinding the outer cylindrical surface of a grinding machine where the setting is carried out between centers and the grinding on the side surface of the cutting contour is carried out on a machining center with a bearing on the bearing in a chuck. As a result of the change of the technological base, set-up errors are obtained, which must be compensated in order to obtain a uniform width of the cutting track. Significant influence on the precision of machining is due to the radial beating errors and the failure of the axis of the workpiece with the axis of rotation of the C axis. To measure these errors, a method is used to measure the touch probe in mass position A = 90° (figure 2). The surfaces to which the radial beating is measured are the two supporting boards 1 and 2 of the workpiece. Measurement is performed through an angular pitch of 10° on the C axis when it was at the point of the machine.
Fig. 2. Measuring radial beating with touch probe
Measuring motion is on axis Z. The program on which the measurement is performed is a macro program. It is organized so that the minimum value of radial beating ρmin is found within 180°. The instruction in DNC mode displays the measured minimum value and the angle Cρmin, which is measured relative to the machine's point of reference. For the determination of the maximum beating ρmax, the workpiece is rotated at 180° to the minimum beating angle, where the value is determined by measurement. Analogously, the values of ρmin, Cρmin, ρmax and ρmax for the second section are determined. The algorithm for the measurement is shown in figure  3 . At the start, there is a check for calibration of the touch probe. The calibration is done with another macro program, where a bearing is pressed into the machine body as a reference. In the table 1 shows the measured values for one full part of the workpiece. In figure 4 shows the distribution of the radial beating of the workpiece relative to the axis of rotation of C axis. 
Fig. 4. The distribution of the radial beating of the workpiece relative to the axis of rotation of the C axis
Measurement was performed at a feed rate of 30 mm / min, where the scattering of the result remained constant [4] , [2] .
After measuring the error [1] it is possible to compensate it. The detection error can be compensated by using the postprocessor for the particular machine being machined or in a manufacturing model to create a coordinate system rotated relative to the machine with rotation equivalents equivalent to the error. To calculate the error of non-alignment of the axis of the workpiece with the axis of rotation C axis, Microsoft Excel is used where the mathematical model of the error is introduced. Thus, after measurement with a touch probe, the minimum and maximum beating values and the angle at which they are measured are introduced into the mathematical model. On the basis of the analytical dependencies in the mathematical model the matrix giving the relation between the axis of rotation of the workpiece and the axis of rotation of the mass C is obtained. The values obtained are introduced into the matrix of generalized post-processor G-POST (figure 5). With the proposed method of measuring and compensating for the error of establishment, the grinding of the cutting edge of a rotating knife in a virtual environment (Vericut) was performed. The values with which the test was made are actually measured on the measuring headpiece according to the algorithm shown in figure 3 . In table 2 shows the measured radial beating values for the supporting board 1 and the supporting board 2 (figure 2) and the angle at which they are measured relative to a reference point of the machine. After processing the workpiece in Vericut, the deviation (marked with a yellow color as a narrow strip) is seen as a result of the set-up error (figure 6). From figure 6 it is seen that as a result of the error, sections of the cutting contour are obtained where it is highly sharpened and sections in which it has a certain width. This is unacceptable in terms of the working ability of the instrument above certain limits.
The set-up error value is entered into the G-POST generalized postprocessor matrix, and then a control program is generated with the tool trajectory equidistant to the error. With the generated control programs, a "grinding" was performed on the side surfaces of the cutting track in Vericut's environment. In fig. 7 shows the result after processing the workpiece with a compensated set-up error with the postprocessor. From Fig. 7 it is seen that a relatively uniform width of the cutting track is obtained. After error compensation and grinding on the side surfaces of the cutting contour, a two-section measurement is performed with the X-Caliper tool to determine the width of the cutting track. The results of the measurements are shown in table 3, and the sections in which the measurement in figure 8. The measured value at point 4 shows a difference due to incorrect setting of the rotation angle relative to the machine reference point. The task is solved by recalculating the angle C on the axis, which is set as offset in the offset of the operating coordinate systems relative to the machine's pivot. The study, which is shown, refers to the most unfavorable case -a curvilinear contour located on a cylindrical surface, where on these measured values are accumulated some inconsistencies with the angle at the tip of the cone tool. 
III. conclusIon
1. An approach is proposed to measure the detection error in 5-axis machines using the touch probe; 2. An approach is proposed to conpensate the postprocessor error for the particular machine; 3. The set-up error compensating approach has been verified in a virtual environment (Vericut) where it is determined that the deviation in the width of the cutting track falls within the accepted limits.
